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1
SHOCK ABSORBING MEMBER

TECHNICAL FIELD

The present invention relates to a shock absorbing member
to be used as a crash box, etc., for an automobile bumper
beam, and its related technologies.

TECHNICAL BACKGROUND

A bumper beam for absorbing impact caused at the time of
collision is provided on an inner side of a bumper to be
provided at a front end of an automobile.

A bumper beam includes a bumper reinforcement to be
arranged along a vehicle width direction and a pair of right
and left crash boxes (shock absorbing members) which sup-
port the bumper reinforcement to a vehicle structure. At the
time of collision, the crash box is compressively deformed in
anaxial direction thereof'to thereby absorb the impact energy.

Such a crash box is constituted by a hollow aluminum
extruded member, etc., and the outer peripheral wall is
formed into a circular shape, a polygonal shape, etc. Further,
to improve the absorbing characteristics of impact energy, a
crash box in which a plurality of ribs are formed on an inside
of the outer peripheral wall is proposed.

The crash box as shown in Patent Document 1, for
example, includes an outer peripheral wall hexagonal in
cross-section and 6 ribs radially extending from a central axis
to an intermediate position of each side portion of the outer
peripheral wall. When the crash box receives a compressive
load, the crash box repeatedly deforms (buckling-deforms) in
the axial direction in an accordion manner while deforming
the portion of the outer peripheral wall sandwiched by adja-
cent nodes convexly and concavely in a radial direction, with
the rib connection point and the vertex of the outer peripheral
wall as a node and an anti-node, respectively.

PRIOR ART DOCUMENTS
Patent Document

Patent Document 1: Japanese Unexamined Laid-open Patent
Application Publication No. 2010-249236

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

When evaluating the impact absorbing characteristics of a
crash box, etc., a graph (load-displacement diagram) showing
the relation between the load and the amount of displacement
(stroke amount) when compressively deformed in an axial
direction is often used. FIG. 19 is a schematic load-displace-
ment diagram of a buckling-deform type shock absorbing
member. In a shock absorbing member shown in such a load-
displacement diagram, the impact absorbing characteristics
are excellent when the fluctuation of the load is small regard-
less of the amount of displacement in the region after starting
buckling deformation (the region surrounded by dotted lines
in the figure). That is, it can be said that the impact absorbing
characteristics are excellent when the amplitude at the time of
buckling deformation is smaller.

In the meantime, in the shock absorbing member disclosed
in Patent Document 1, in a cross-sectional view seen in a
direction perpendicular to the axial direction, the portion
arranged between nodes as rib connection points is to be
deformed as a bending-deformation portion. These six bend-
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2

ing-deformation portions are arranged side-by-side in a cir-
cumferential direction. When the number of these bending-
deformation portions is small, the length of each bending-
deformation portion becomes long in the circumferential
direction, resulting in an increased amount of the convex-
concave deformation of each bending-deformation portion at
the time of the buckling-deformation. That is, the wavelength
(buckling wavelength) during the buckling-deformation
becomes long, increasing the amplitude of the load fluctua-
tion, which in turn results in an increased fluctuation of the
load with respect to the amount of displacement. In other
words, if the number of bending-deformation portions is
increased, the fluctuation of the load with respect to the
amount of displacement can be decreased, which makes it
possible to improve the impact absorbing characteristics.

However, in the conventional shock absorbing member, an
increase in the number of bending-deformation portions
causes complication of the structure, etc. That is, in the con-
ventional shock absorbing member, the rib connection point
of the outer peripheral wall connected to the rib functions as
a node, and the portion of the outer peripheral wall between
the adjacent nodes functions as a bending-deformation por-
tion. Therefore, in order to increase the number of bending-
deformation portions, it is required to increase the number of
nodes, or the number of ribs. This, however, creates a problem
of causing a complex structure and an increased weight.

The preferred embodiments of the present invention were
made in view of the aforementioned and/or other problems in
the related technologies. The preferred embodiments of the
present invention can significantly improve upon the existing
methods and/or devices.

The present invention was made in view of the aforemen-
tioned problems and aims to provide a shock absorbing mem-
ber and its related technologies capable of improving impact
absorbing characteristics while simplifying the structure
thereof and making the weight lighter.

Other objects and advantages of the present invention will
become apparent from the following preferred embodiments.

Means for Solving the Problems

To solve the aforementioned problems, the present inven-
tion has the following means.

[1] A shock absorbing member configured to absorb
impact energy by being compressively deformed in an axial
direction, comprising:

an outer peripheral wall having a polygonal shape in cross-
section perpendicular to the axial direction and including a
plurality of side portions; and

a plurality of ribs, on an inner side of the outer peripheral
wall, radially extending from a central axis and connected to
an intermediate position of each of the side portions,

wherein a boundary position of adjacent side portions on
an outer peripheral surface of the outer peripheral wall is
defined as a vertex, an intermediate position of each side
portion on the outer peripheral surface of the outer peripheral
wall is defined as a rib connection point, and portions seg-
menting each of the side portion into two, with the rib con-
nection point as a boundary, are each defined as a half-side
portion, and

wherein, when being compressively deformed in the axial
direction, the two adjacent half-side portions sandwiching the
vertex buckling-deform repeatedly in the axial direction
while being deformed convexly and concavely in different
directions in a radial direction, with positions of the outer
peripheral wall corresponding to the rib connection point and
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the vertex respectively as a node and an intermediate portion
of each half-side portion as an anti-node.

[2] The shock absorbing member as recited in the afore-
mentioned Item 1, wherein, when being buckling-deformed,
in a cross-section perpendicular to the axial direction, a half-
side portion deformed convexly in a radially outward direc-
tion and a half-side portion deformed concavely in a radially
inward direction are arranged alternately along a circumfer-
ential direction.

[3] The shock absorbing member as recited in the afore-
mentioned Item 1 or 2, wherein the vertex of the outer periph-
eral wall and vicinity thereof are constituted as an arc-shaped
vertex arc portion having a curvature radius.

[4] The shock absorbing member as recited in the afore-
mentioned Item 3, wherein it is adjusted so as to satisfy a
relation of 0<R/L=1.15, where an intersection point of virtual
extended lines of both outer peripheral surface linear portions
of'the two adjacent half-side portions sandwiching the vertex
is defined as a virtual vertex, a length from the virtual vertex
to the rib connection point close to the virtual vertex is defined
as a half-side portion length, the half-side portion length is
“L,” and a curvature radius of the outer peripheral surface of
the vertex arc portion is “R.”

[5] The shock absorbing member as recited in the afore-
mentioned Item 3 or 4, wherein it is adjusted so as to satisfy
a relation of M/M0=0.75 to 0.99,

where an intersection point of virtual extended lines of both
outer peripheral surface linear portions of the two adjacent
half-side portions sandwiching the vertex is defined as a
virtual vertex, a distance from the virtual vertex to a center of
the shock absorbing member is “M0,” and a shortest distance
from the vertex to a virtual straight line connecting two rib
connection points located on both sides of the vertex is “M.”

[6] The shock absorbing member as recited in any one of
the aforementioned Items 3 to 5, wherein it is adjusted so as to
satisfy a relation of 0.35=M/[.<0.5,

where an intersection point of virtual extended lines of both
outer peripheral surface linear portions of the two adjacent
half-side portions sandwiching the vertex is defined as a
virtual vertex, a length of the half-side portion is “L”, and a
shortest distance from the vertex to a virtual straight line
connecting two rib connection points located on both sides of
the vertex is “M.”

[7] The shock absorbing member as recited in any one of
the aforementioned Items 1 to 6, wherein itis adjusted so as to
satisfy a relation of 5.0<Mxtb,

where “M” is a shortest distance from the vertex to a virtual
linear line connecting two rib connection points arranged on
both sides of the vertex, and “tb” is a thickness of the outer
peripheral wall.

[8] The shock absorbing member as recited in any one of
the aforementioned Items 1 to 7, wherein a thickness of the
outer peripheral wall is formed to have a thickness thinner
than a thickness of the rib.

[9] The shock absorbing member as recited in the afore-
mentioned Item 8, wherein it is adjusted so as to satisfy a
relation of 0.25<tb/ta<0.875, where “ta” is a thickness of the
rib, and “tb” is a thickness of the outer peripheral wall.

[10] The shock absorbing member as recited in any one of
the aforementioned Items 1 to 9, wherein the outer peripheral
wall is formed into a regular hexagonal shape in cross-section
having six side portions.

[11] The shock absorbing member as recited in any one of
the aforementioned Items 1 to 10, wherein the shock absorb-
ing member is constituted by an aluminum or its alloy
extruded member or drawn member.
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[12] A shock absorbing member configured to absorb
impact energy by being compressively deformed in an axial
direction, comprising:

an outer peripheral wall having a polygonal shape in cross-
section perpendicular to the axial direction and a plurality of
side portions; and

a plurality of ribs, on an inner side of the outer peripheral
wall, radially extending from a central axis and connected to
an intermediate position of each of the side portions,

wherein a boundary position of adjacent side portions on
an outer peripheral surface of the outer peripheral wall is
defined as a vertex, an intermediate position of each side
portion on the outer peripheral surface of the outer peripheral
wall is defined as a rib connection point, and portions seg-
menting each side portion into two, with the rib connection
point as a boundary, are each defined as a half-side portion,

wherein, when being compressively deformed in the axial
direction, the two adjacent half-side portions sandwiching the
vertex buckling-deform repeatedly in the axial direction
while being deformed convexly and concavely in a radial
direction, with positions of the outer peripheral wall corre-
sponding to the rib connection point and the vertex respec-
tively as nodes and an intermediate portion of each half-side
portion as an anti-node,

wherein it is adjusted so that a maximum load at the time of
being compressively deformed in the axial direction is 70 kN
or more and that average load/maximum load is 0.85 or more.

[13] A vehicle crash box for supporting a bumper rein-
forcement to a vehicle structure, wherein the vehicle crash
box is constituted by the shock absorbing member as recited
in any one of the aforementioned Items 1 to 12 and configured
to absorb impact energy to be applied to the bumper rein-
forcement.

[14] A bumper beam comprising:

a bumper reinforcement to be arranged in a vehicle width
direction; and

a crash box configured to support the bumper reinforce-
ment to a vehicle structure,

wherein the crash box is constituted by the shock absorbing
member as recited in any one of the aforementioned Items 1
to 12 and configured to absorb impact energy to be applied to
the bumper reinforcement by the crash box.

Effect of the Invention

According to the invention of the aforementioned Item [1],
it is buckling-deformed with positions of the polygonal outer
peripheral wall corresponding to the rib connection points
and the vertex respectively as a node and an intermediate
portion of the each half-side portion as an anti-node. There-
fore, it is possible to cause a buckling-deformation every
half-side portion, which makes it possible to reduce the
amount of concave-convex deformation at the time of buck-
ling deformation. Therefore, the load fluctuation with respect
to the amount of displacement in the axial direction can be
made small, which enables to obtain excellent impact absorb-
ing characteristics.

According to the invention of the aforementioned Item [ 2],
the shock absorbing member can absorb impact energy along
the entire periphery in a well-balanced manner, thereby mak-
ing it possible to obtain even better impact absorbing charac-
teristics.

According to the invention of the aforementioned Items [3]
to [11], the shock absorbing member can be deformed by a
predetermined behavior more assuredly during buckling-de-
formation, and therefore, the aforementioned effects can be
more assuredly obtained.
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According to the shock absorbing member of the afore-
mentioned Item [12], the aforementioned effects can be
obtained more assuredly.

According to the invention of the aforementioned Item
[13], a vehicle crash box exerting similar effects as described
above can be obtained.

According to the invention of the aforementioned Item
[14], a bumper beam exerting similar effects as above can be
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a shock absorbing
member of an embodiment of the present invention.

FIG. 2A is a cross-sectional view showing the shock
absorbing member of the embodiment.

FIG. 2B is an enlarged cross-sectional view showing a
portion of the shock absorbing member of the embodiment.

FIG. 2C is an enlarged cross-sectional view showing a
portion of the shock absorbing member of the embodiment.

FIG. 3A is a cross-sectional view for explaining a
deformed state of the shock absorbing member according to
the present invention.

FIG. 3B is a cross-sectional view for explaining a deformed
state of a conventional shock absorbing member.

FIG. 4 is a plan view showing a vehicle bumper beam to
which the shock absorbing member of the embodiment is
applied.

FIG. 5A is a load-displacement diagram of Example 1 of
the present invention.

FIG. 5B is a load-displacement diagram of Example 2 of
the present invention.

FIG. 5C is a load-displacement diagram of Example 3 of
the present invention.

FIG. 5D is a load-displacement diagram of Example 4 of
the present invention.

FIG. 5E is a load-displacement diagram of Example 5 of
the present invention.

FIG. 5F is a load-displacement diagram of Example 6 of
the present invention.

FIG. 5G is a load-displacement diagram of Example 7 of
the present invention.

FIG. 5H is a load-displacement diagram of Example 8 of
the present invention.

FIG. 51 is aload-displacement diagram of Example 9 of the
present invention.

FIG. 6A is a load-displacement diagram of Comparative
Example 1.

FIG. 6B is a load-displacement diagram of Comparative
Example 2.

FIG. 6C is a load-displacement diagram of Comparative
Example 3.

FIG. 6D is a load-displacement diagram of Comparative
Example 4.

FIG. 6E is a load-displacement diagram of Comparative
Example 5.

FIG. 6F is a load-displacement diagram of Comparative
Example 6.

FIG. 7A is a cross-sectional view showing a sample model
of Example 3.

FIG. 7B is a perspective view showing a deformed state of
the sample model of FIG. 7A.

FIG. 8A is a cross-sectional view showing a sample model
of Example 6.

FIG. 8B is a perspective view showing a deformed state of
the sample model of FIG. 8A.
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FIG. 9A is a cross-sectional view showing a sample model
of Example 7.

FIG. 9B is a perspective view showing a deformed state of
the sample model of FIG. 9A.

FIG. 10A is a cross-sectional view showing a sample
model of Example 9.

FIG. 10B is a perspective view showing a deformed state of
the sample model of FIG. 10A.

FIG. 11A is a cross-sectional view showing a sample
model of Comparative Example 1.

FIG. 11B is a perspective view showing a deformed state of
the sample model of FIG. 11A.

FIG. 12A is a cross-sectional view showing a sample
model of Comparative Example 2.

FIG. 12B is a perspective view showing a deformed state of
the sample model of FIG. 12A.

FIG. 13A is a cross-sectional view showing a sample
model of Comparative Example 4.

FIG. 13B is a perspective view showing a deformed state of
the sample model of FIG. 13A.

FIG. 14A is a cross-sectional view showing a sample
model of Comparative Example 6.

FIG. 14B is a perspective view showing a deformed state of
the sample model of FIG. 14A.

FIG. 15 is a graph showing the relation between [ Curvature
radius R/Half-side portion length R] and [Average load/
Maximum load] created based on analysis results of
Examples.

FIG. 16 is a graph showing the relation between [Outer
peripheral wall thickness tb/Rib thickness ta] and [ Average
load/Maximum load] created based on analysis results of
Examples.

FIG. 17A is a plan view showing a vehicle bumper beam of
afirst practical example using the shock absorbing member of
the present invention.

FIG. 17B is a schematic perspective view showing the
bumper beam of the first practical example.

FIG. 17C is a rear view showing the bumper beam of the
first practical example.

FIG. 17D is a side cross-sectional view showing the crash
box and vicinity thereof located on one side of the bumper
beam of'the first practical example in a towing hook attached
state.

FIG. 17E is an exploded perspective view showing the
crash box and vicinity thereof located on one side of the
bumper beam of the first practical example in a state before
executing a tube expansion process.

FIG. 17F is an exploded perspective view showing the
crash box and vicinity thereof located at the other side of the
bumper beam of the first practical example in a state before
executing a tube expansion process.

FIG. 17G is a plan view showing the bumper beam of the
first practical example in a state in which a tube expansion die
is inserted.

FIG. 17H is a front view showing the bumper beam of FI1G.
17G in a vertically reversed state.

FIG. 171 s a cross-sectional view taken along the A-A line
of FIG. 17H.

FIG. 17] is a cross-sectional view taken along the B-B line
of FIG. 17H.

FIG. 17K is a perspective view showing a modified
example of a stay member used in the bumper beam of the first
practical example.

FIG. 17L is a cross-sectional view showing the crash box
and vicinity thereof of the bumper beam in a state immedi-
ately after inserting the die.
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FIG. 17M is a side cross-sectional view showing the crash
box and vicinity thereof of the vehicle bumper beam on one
side according to a second practical example using the shock
absorbing member of the present invention in a towing hook
attached state.

FIG. 17N is an enlarged cross-sectional view showing the
portion in FIG. 17M surrounded by the dotted line.

FIG. 170 is a side cross-sectional view showing the crash
box and vicinity thereof of the vehicle bumper beam located
at one end according to a third practical example using the
shock absorbing member of the present invention in a towing
hook attached state.

FIG. 17P is a side cross-sectional view showing the crash
box and vicinity thereof of the vehicle bumper beam located
at one end according to a fourth practical example using the
shock absorbing member of the present invention in a towing
hook attached state.

FIG. 18A is a side cross-sectional view showing the crash
box and vicinity thereof of the vehicle bumper beam located
at one end according to a fifth practical example using the
shock absorbing member of the present invention in a towing
hook attached state.

FIG. 18B is an exploded perspective view of FIG. 18A.

FIG. 19 is a schematic load-displacement diagram of a
buckling-deformation type shock absorbing member.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

FIG. 1 is a perspective view showing a shock absorbing
member which is an embodiment of the present invention.
FIG. 2A is a cross-sectional view obtained by cutting the
shock absorbing member with a plane perpendicular to the
axial direction of the shock absorbing member. FIG. 2B is a
partially enlarged cross-sectional view showing a portion of
the shock absorbing member.

As shown in these figures, this shock absorbing member is
provided with an outer peripheral wall 1 and ribs 5 arranged
on an inner side of the outer peripheral wall 1.

In a state in which the outer peripheral wall 1 is cut with a
plane perpendicular to the axial direction (cross-section per-
pendicular to the axial direction), the outer peripheral wall 1
is formed into a regular hexagonal shape having six side
portions 2, and a vertex P3 is provided between side portions
2.

In this embodiment, the vertex P3 is arranged at a boundary
position of adjacent side portions 2 on the outer peripheral
surface of the outer peripheral wall 1.

The peripheral portion of the vertex P3 of the outer periph-
eral wall 1 is formed into an arc shape and the arc shaped
portion is constituted as a vertex arc portion 3.

In this embodiment, the intermediate position of the outer
peripheral surface of the vertex arc portion 3 in the circum-
ferential direction coincides with the vertex P3.

The side portion 2 is constituted by the portion between the
adjacent vertexes P3 and P3 on the outer peripheral wall 1.
Therefore, in the side portion 2, portions close to the vertexes
P3 and P3 at the ends are each constituted by a part (half) of
the vertex arc portion 3 on both sides and each formed into an
arc shape, and the remaining portions are each formed into a
linear shape.

On the outer peripheral surface of the outer peripheral wall
1, a rib connection point P2 is provided at the intermediate
position of each side portion 2, or the position segmenting
each side portion 2 into two.

Six ribs 5 are provided corresponding to the six side por-
tions 2 of the outer peripheral wall 1. Each rib 5 is formed so
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as to radially extend from the central axis to the rib connection
point P2, and the ribs are arranged at equal intervals in the
circumferential direction. The inner ends of the ribs 5 are
integrally formed with each other at the central axis position
of'the shock absorbing member and the outer end of the rib 5
is integrally formed with the corresponding side portion 2.

In this embodiment, each side portion 2 is segmented into
two half-side portions 2a and 25 on one side and the other side
with the rib connection point P2 as a boundary. As it will be
detailed later, each half-side portion 2a and 25 sandwiching
the vertex P3 constitutes an individual bending-deformation
portion and deforms radially in different directions at the time
of impact energy absorption.

In the shock absorbing member of this embodiment, the
outer peripheral wall 1 and the ribs 5 are continuously and
respectively formed in the axial direction and are formed to
have the same cross-sectional shape at any position in the
axial direction.

The shock absorbing member of this embodiment is
formed by a hollow extruded member, a drawn member, etc.,
made of, e.g., aluminum and its alloys as a material.

In the shock absorbing member of this embodiment, when
being compressively deformed at the time of absorbing
impact energy, as shown by the dotted lines in FIG. 3A, the
shock absorbing member according to this embodiment is
configured to repeatedly deform (buckling-deform) in the
axial direction in an accordion manner while being deformed
convexly or concavely in the radial direction, with the posi-
tion of the outer peripheral wall corresponding to each rib
connection point P2 and each vertex P3 as nodes respectively
and each intermediate point (intermediate position) of each
half-side portion 2a and 25 as an anti-node. In this way, each
half-side portion 2a and 26 buckling-deforms as a bending-
deformation portion. In other words, adjacent half-side por-
tions 2a and 2b sandwiching the vertex P3 deform convexly
and concavely in different directions in a radial direction.
Specifically, it is configured to be buckling-deformed such
that, when the half-side portion 2a on one side deforms con-
vexly in the radially outward direction, the half-side portion
2b on the other side deforms concavely in the radially inward
direction, and when the half-side portion 2a on one side
deforms concavely in the radially inward direction, the half-
side portion 25 on the other side buckling-deforms convexly
in the radially outward direction.

Further, in this embodiment, in a cross-sectional view, it is
configured to be buckling-deformed such that the half-side
portion 2a (bending-deformation portion) deformed con-
vexly in the radially outward direction and the half-side por-
tion 26 (bending-deformation portion) deformed concavely
in the radially inward direction are arranged alternately in the
circumferential direction.

Also, all of the ribs 5 are deformed (buckling-deformed)
repeatedly in an accordion manner in the axial direction so as
to be bent in the same direction along the circumferential
direction.

In the shock absorbing member of this embodiment, it is
presumed that the mechanism of the motion at the time of
impact absorption is as follows.

That is, as shown in FIG. 3A, when the shock absorbing
member of this embodiment receives a compressing force in
the axial direction at the time of collision, the ribs 5 are
pushed down in one of circumferential directions, thereby
exerting a force in one of rotational directions (circumferen-
tial directions) at the central portion, or a counterclockwise
direction or a clockwise direction. Whether the direction will
be counterclockwise or clockwise at the initial stage is unde-
termined and will be randomly selected.
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Assuming that a counterclockwise force F1 acts on the
central portion, each rib 5 deforms so as to bend, as shown by
the dotted lines in FIG. 3A. Due to the deformation, a clock-
wise force F2 acts on each rib connection point P2 which is a
connecting point of each rib 5 and the outer peripheral wall 1.
Further, by this force F2, each half-side portion 2a adjacent to
each rib connection point P2 in the clockwise direction
deforms inwardly, and each half-side portion 25 adjacent to
each rib connection point P2 in the counterclockwise direc-
tion deforms outwardly. As a result, in the shock absorbing
member of this embodiment, the positions on the outer
peripheral wall 1 corresponding to the rib connection point P2
and the vertex P3 function as a node respectively, and the
intermediate portion of each half-side portion 2a and 256 func-
tions as an anti-node. That is, the shock absorbing member of
the present invention has a structure which transmits a rota-
tional force from the central portion to the half-side portions
2a and 25 as described above. Therefore, the positions corre-
sponding to the rib connection point P2 and the vertex P3
become nodes respectively and the intermediate portion of
each half-side portion 2a and 26 becomes an anti-node.

Further, in the shock absorbing member according to the
present invention, both end portions thereof in the axial direc-
tion are restrained. For example, they are fixed to another
structural member. Therefore, the rotational direction is not
limited to one direction between a clockwise direction and a
counterclockwise direction, but the direction alternates
between a clockwise direction and a counterclockwise direc-
tion for every displacement in the axial direction. However,
the rotations do not always accurately alternate between a
clockwise direction and a counterclockwise direction, but are
alternated approximately as a whole.

On the other hand, in the conventional shock absorbing
member shown in Patent Document 1, when compressively
deformed at the time of impact energy absorption, as shown
by the dotted lines in FIG. 3B, the shock absorbing member is
deformed (buckling deformed) repeatedly in an accordion
manner in the axial direction while two half-side portions 2a
and 2b between the adjacent nodes P2 are deformed con-
cavely or convexly in the radial direction, with the position on
the outer peripheral wall 1 corresponding to each rib connec-
tion point P2 as a node and the vertex P3 as an anti-node. In
other words, two adjacent half-side portions 2a and 25 sand-
wiching the vertex P3 function as a bending-deformation
portion, and the two adjacent half-side portions 2a and 25 are
buckling-deformed while being deformed convexly or con-
cavely in the same radial direction.

As described above, in the shock absorbing member of this
embodiment, it is configured such that each half-side portion
2a and 2b is buckling-deformed, with the positions on the
outer peripheral wall 1 corresponding to the rib connection
points P2 and the vertex P3 as nodes at the time of buckling
deformation, and the intermediate point of the half-side por-
tion 24 and 25 between the nodes P2 and P3 as an anti-node.
Therefore, the length of each bending-deformation portion
constituted by each side portion 2a and 25 becomes short,
reducing the concave-convex deformation amount of the
bending-deformation portion at the time of buckling defor-
mation. Therefore, the load fluctuation (amplitude) with
respect to the amount of displacement in the load-displace-
ment diagram becomes small, which enables to obtain excel-
lent impact absorbing characteristics.

Furthermore, in this embodiment, it is configured to be
buckling-deformed such that the concave-convex directions
of the adjacent half-side portions 2a and 25 are different and
the concavely deformed portion and the convexly deformed
portion are alternately arranged along the circumferential
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direction. Therefore, the impact energy can be absorbed
evenly in a well-balanced manner along the entire circumfer-
ence, which makes it possible to obtain even better impact
absorbing characteristics.

In the shock absorbing member according to the present
invention, when being compressively deformed in the axial
direction, the concavely deformed portion and the convexly
deformed portion of the half-side portions 2a and 25 are not
required to be alternately arranged for the entire region of the
circumferential direction. For example, provided that the con-
cavely deformed portion and the convexly deformed portion
are alternately arranged for 50% or more of the entire region
in the circumferential direction in an arbitrary cross-sectional
position of the shock absorbing member, which is within the
scope of the present invention. In other words, in the present
invention, in an arbitrary cross-sectional position of the shock
absorbing member, it can be configured such that, in a partial
region in the circumferential direction, the concavely
deformed portion and the concavely deformed portion are
arranged side by side, or that the convexly deformed portion
and the convexly deformed portion are arranged side by side.

Further, in the shock absorbing member according to this
embodiment, the rib 5 as an inner wall (reinforcement wall)
makes a position corresponding to an unconnected vertex P3
function as a node, and the number of ribs 5 do not increase.
Therefore, the structural complication and/or the weight
increase due to the increase in the number of ribs can be
prevented, which makes it possible to simplify the structure
and attain the weight saving.

In the shock absorbing member of this embodiment, it is
preferable that the specifics of each portion are constituted in
the following manner.

As shown in FIG. 2B, an intersection point of virtual
extended lines (straight lines) extending along the outer
peripheral surface linear portions of the two adjacent half-
side portions 2a and 25 sandwiching the vertex P3 is defined
as a virtual vertex C, and the length L and L. from the virtual
vertex C to the rib connection point P2 and P2 on both sides
of (close to) the virtual vertex C are defined as a half-side
portion length.

Further, when the curvature radius of the outer peripheral
surface of the vertex arc portion 3 of the outer peripheral wall
1 is defined as “R”, it is preferable to satisfy a relation of
“0<R/L=1.15”, more preferably “O<R/[.<0.77”, and even
more preferably “0.05<R/[.<0.25” That is, when the value of
R/L is too large or too small, the motion at the time of
buckling deformation cannot be accurately controlled, which
may make it difficult to cause buckling deformation with the
aforementioned desired motions. For example, when the R/L.
is too small, the vertex P3 does not function as a node at the
time of buckling deformation, and both half-side portions 2a
and 25 sandwiching the vertex P3 are deformed concavely or
convexly in the same direction as one bending-deformation
portion (see FIG. 3B), thereby making it difficult to obtain
desired impact absorbing characteristics.

In this embodiment, it is preferable that a relation of
“0.25<tb/ta<0.875” is satisfied, where the thickness of the rib
5 is “ta” and the thickness of the outer peripheral wall 1 is
“tb”. That is, when the value of “tb/ta” is too small and the
thickness “tb” of the outer peripheral wall 1 is too small ortoo
large with respect to the thickness “ta” of the rib 5, the motion
at the time of buckling deformation cannot be accurately
controlled, which may make it difficult to perform buckling
deformation with the aforementioned desired motions.

As shown in FIG. 2C, in this embodiment, the distance
“M0” from the center PO to the virtual vertex C is defined as
a virtual radius. Furthermore, the distance “M” from the
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intersection “D” of the straight line P0-C connecting the
center “P0” and the virtual vertex “C” and a virtual straight
line P2-P2 connecting adjacent rib connection points P2 and
P2 is defined as a vertex protrusion amount. In other words,
the shortest distance “M” from the vertex P3 to the virtual
straight line P2-P2 connecting the rib connection points P2
and P2 on both sides of the vertex P3 is defined as the vertex
protrusion amount.

At this time, in the shock absorbing member of this
embodiment, it is preferable that a relation of “M/M0=0.75 to
0.99” is satisfied. That is, in the shock absorbing member of
this embodiment, when the value of “M/M0” is adjusted so as
to fall within the aforementioned specific range and a com-
pressing force in the axial direction is applied, it becomes
easier to transmit the rotational force from the rib connection
point P2 to the vertex P3. Therefore, buckling deformation
can be performed with the desired motions and excellent
impact absorbing characteristics can be obtained.

In the shock absorbing member of this embodiment, the
peripheral portion including the vertex P3 is constituted by
the vertex arc portion 3 having a constant curvature radius.
However, in the present invention, the structure of the periph-
eral portion of the vertex P3 is not limited to that. For
example, the peripheral portion of the vertex P3 can be a
composite arc portion having a plurality of curvature radii, a
polygonal portion including a plurality of straight line por-
tions, and a portion combined with an arc portion and a
straight line portion.

In the present invention, the intermediate position of the
side portion 2 is different from an intermediate point accu-
rately segmenting the side portion 2 into two, but is a region
having a predetermined width including the intermediate
point. In other words, in the present invention, the vertex P3
can be arranged at any position as long as the desired defor-
mation movement is performed at the time of impact absorp-
tion. For example, the vertex P3 is not limited to be located at
an intermediate point between adjacent rib connection points
P2 and P2, but can be at a position displaced from the inter-
mediate point.

Also, in the shock absorbing member of this embodiment,
it is preferable to satisfy a relation of “0.35=<M/L.<0.5”. That
is, when the aforementioned relation is satisfied, it becomes
easier for the rotational force from the rib connection point P2
to the vertex P3 to be transmitted in the same manner as
mentioned above, and excellent impact absorbing character-
istics can be obtained.

In the shock absorbing member of this embodiment, it is
preferable to satisfy a relation of “5.0<Mxtb”, more prefer-
ably “7.0=Mxtb”. That is, in the shock absorbing member of
this embodiment, when satisfying the relation, the maximum
load at the time of absorbing collision energy can be secured
largely, and excellent impact absorbing characteristics can be
obtained.

Further, in the shock absorbing member of this embodi-
ment, it is preferable to satisfy a relation of “[(yxM)/a]x
100=pxL”, when the angle between adjacent ribs 5 and 5 is
“a (see FIG. 2C)”, §=0.8 to 0.9 (preferably, f=0.81 to 0.86),
and y=1.01 to 1.33. That is, when this relation is satisfied,
excellent impact absorbing characteristics can be obtained
regardless of the angle c.. For example, when the aforemen-
tioned relation is satisfied, excellent impact absorbing char-
acteristics can be obtained for all shock absorbing members,
from a regular decagonal shock absorbing member having an
angle a of 36° and a shock absorbing member having a
pentagonal cross-section having an angle o of 72°.

The following Examples will make it apparent that, when
each of the relations “O<R/L=1.15", “0.25<tb/ta<(0.875",
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“M/M0=0.75 t0 0.997, “0.35=M/L.<0.5”, and “5.0<Mxtb” is
satisfied, the motions at the time of buckling deformation can
be controlled appropriately.

In this embodiment, it is preferable that the curvature
radius R is setto 1 mm to 40 mm. Further, it is preferable that
the half-side portion length L is set to 15 mm to 52 mm.

Also, it is preferable that the thickness tb of the outer
peripheral wall 1 is set to 0.5 mm to 5 mm. It is preferable that
the thickness ta of the rib 5 is set to 1 mm to 6 mm.

That is, when the values of R, L, ta, and tb deviate from the
aforementioned predetermined ranges, the motions at the
time of buckling deformation cannot be accurately con-
trolled, which may make it difficult to perform buckling
deformation by the desired motions.

Furthermore, the shock absorbing member of the present
invention can be suitably used as a vehicle shock absorbing
member. For example, it can be suitably used for an automo-
bile bumper beam as shown in FIG. 4. The bumper beam
includes a bumper reinforcement 20 to be arranged in a
vehicle width direction at the front end or the rear end of an
automobile and crash boxes 10 and 10 having tip portions
fixed to both end portions of the bumper reinforcement 20.
Thebase end sides of the crash boxes 10 and 10 are to be fixed
to a vehicle structure via bumper stays 30. The crash box 10 of
the bumper beam is constituted by the shock absorbing mem-
ber of the present invention.

Inthe present invention, as a method of fixing the crash box
as a shock absorbing member to the bumper reinforcement,
there is a method using a diameter expansion technology as
described below, for example.

FIG. 17A is a plan view showing a vehicle bumper beam of
a first practical example of the present invention. FIG. 17B is
a schematic perspective view thereof. FIG. 17C is a rear view
thereof. FIG. 17D is a side cross-sectional view showing a
crash box and vicinity thereof on one side of the bumper beam
of the first practical example. FIG. 17E is an exploded per-
spective view showing the crash box and vicinity thereof on
one side in a state before a tube expansion process. FIG. 17F
is an exploded perspective view showing a crash box and
vicinity thereof located on the other side in a state before a
tube expansion process.

As shown in these figures, the bumper beam of this first
practical example is to be mounted on the front end of an
automobile and constitutes the vehicle shock absorbing mem-
ber for absorbing impact energy at the time of collision. This
bumper beam includes a bumper reinforcement 61, a pair of
right and left crash boxes 62, a stay member 63 provided on a
crash box 62 arranged on the right side of FIG. 17A, and a
bumper stay 64 provided on the other crash box 62 arranged
on the left side of FIG. 17A.

The bumper reinforcement 61 of the first practical example
is formed by an extruded product, a drawn product, etc., of
aluminum or its alloys as a material, for example.

The bumper reinforcement 61 of the first practical example
is formed so that the intermediate portion is formed to slightly
protrude forward with both side portions in the vehicle width
direction bent backward.

The bumper reinforcement 61, in a cross-sectional shape
when cut by a flat plane perpendicular to the lengthwise
direction, includes a peripheral wall 611 formed into a rect-
angle shape longer in the up and down direction, and a parti-
tion wall 612 integrally formed at the intermediate position in
the height direction of the peripheral wall 611 so as to bridge
over the front and rear walls. Further, the partition wall 612 is
formed continuously in the lengthwise direction (vehicle
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width direction) of the bumper reinforcement 61 with the
exception of the portion where the attaching hole 615 is
formed.

Atboth end portions of the bumper reinforcement 61 in the
lengthwise direction, attaching holes 615 and 615 penetrating
the front and rear walls are formed.

The inner peripheral shape of the attaching hole 615 is
formed corresponding to the outer peripheral shape of the tip
portion of the crash box 62, so that the tip portion of the crash
box 62 can be loosely inserted into the attaching hole 615.

Similarly to the above, the crash box 62 is constituted by an
extruded product, a drawn product, etc., using aluminum or
its alloys as a material.

The crash box 62 includes a hollow cylindrical peripheral
wall 621 with both the front end side and the rear end side
open. In a cross-sectional shape cut by a flat plane perpen-
dicular to the axial direction, the peripheral wall 621 is
formed into a rounded approximately hexagonal shape. The
peripheral wall 621 corresponds to the outer peripheral wall 1
of the shock absorbing member of the embodiment as shown
in FIG. 1.

On the inside of the crash box 62, in the cross-sectional
view, six ribs 622 as reinforcing partition walls radially
extending from the center in the radial direction (in a radial
manner) are integrally formed at equal intervals in the cir-
cumferential direction.

The ribs 622 are continuously formed in the central axis
direction (front-back direction) of the crash box 62. There-
fore, the opening at the tip portion side (front end side) and the
opening at the base end side (rear end side) of the crash box 62
are communicated via each space between the ribs 622.

In a state in which the tip portion (front end portion) of the
crash box 62 having the aforementioned structure is inserted
into the attaching hole 615 and 615 of both the front and rear
walls of the bumper reinforcement 61, by a tube expansion
process which will be detailed later, protruded portions 625
protruding in the radially outward direction (outer radial
direction) are formed at the front and the rear of the attaching
holes 615 and 615 of the peripheral wall 621 of the crash box
62. The protruded portions 625 are pressure engaged with the
peripheral edge portions of the attaching holes 615 and 615 of
the bumper reinforcement 61, so that the crash box 62 is
fixedly secured to the bumper reinforcement 61.

In the first practical example, the protruded portions 625
are provided on the approximately entire circumference of
the crash box 62 in the circumferential direction, with the
exception of the positions corresponding to the ribs 622. In
other words, six protruded portions 625 extending in the
circumferential direction are formed with equal intervals in
the circumferential direction at the front and back positions of
the attaching holes 615 and 615 on the outer peripheral sur-
face of the crash box 62.

As shown in FIGS. 17D to 17F, the stay member 63 is
constituted by aluminum, aluminum alloy, steel, etc. Further,
the stay member 63 is constituted by a shaped product formed
by, for example, press processing, die casting, forging, etc.

The stay member 63 is formed into an approximately hat
shape in which a flange 633 is protruded outwardly (in the
radially outward direction) from the opening edge portion of
the cup-like portion 630 formed into a cup-shape. The cup-
like portion 630 includes a cylindrical peripheral wall 631 and
abottom wall 632 integrally formed so as to close the base end
side (rear end side) opening of the peripheral wall 631.

In this stay member 63, the bottom wall 632 functions as a
bracket capable of attaching a member such as a towing hook,
etc., and the flange 633 functions as a bumper stay capable of
being fixed to a vehicle structure.
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The peripheral wall 631 of the stay member 63 is formed
into an approximately regular hexagonal shape correspond-
ing to the outer peripheral shape of the base end portion of the
crash box 62. Therefore, the base end portion of the crash box
62 can be accommodated inside the peripheral wall 631, or
the cup-like portion 630. In other words, it is configured such
that the cup-like portion 630 of the stay member 63 is out-
wardly fitted on the base end portion of the crash box 62.

On the outer surface (rear surface) of the bottom wall 632
of'the stay member 63, a nut 65 for attaching a towing hook is
provided in a manner such that the axial direction of the nut
coincides with the axial direction of the stay member 63.

The tip portion side opening (front end side opening) of the
screw hole 651 of the nut 65 is open at the inner surface of the
bottom wall 632 of the stay member 63, or into the inside of
the cup-like portion 630. Therefore, the male thread 663 of
the towing hook 66 inserted from the opening of the stay
member 63 can be screwed into the screw hole 651 of the nut
65.

In the first practical example, a female thread is constituted
by the screw hole 651 of the nut 65.

Also, a wedge insertion hole 635 is formed at the central
portion of the bottom wall 632 of the stay member 63, with the
exception of the attachment region of the nut 65. The wedge
insertion hole 635 is provided to prevent the wedge 683 from
interfering with the bottom wall 632 of the stay member 63 at
the time of the tube expansion process, as will be detailed
later.

In the first practical example, a die interference prevention
hole is constituted by the wedge insertion hole 635.

In the present invention, the flange 633 of the stay member
63 is not required to be integrally formed to the cup-like
portion 630. Instead, a cup-like portion and a flange (bumper
stay) can be produced separately and connected with each
other using an appropriate fixing method. In this case, the
cup-like portion and the flange (bumper stay) can be consti-
tuted by different materials.

Similarly, in the present invention, the bottom wall 632 of
the cup-like portion 630 is not required to be integrally
formed to the peripheral wall 631. Instead, a peripheral wall
and a bottom wall can be produced separately and connected
with each other using an appropriate fixing method. In this
case, the peripheral wall and the bottom wall can be consti-
tuted by different materials.

The stay member 63 having the aforementioned structure
is arranged such that the base end portion of the crash box 62
on one side is accommodated in the cup-like portion 630. In
this way, the base end side opening of the crash box 62 is
closed by the bottom wall 632 of the stay member 63. In this
state, the inner surface of the bottom wall 632 of the stay
member 63 is arranged so as to be in contact with the base end
face of the crash box 62.

Then, in this state, protruded portions 626 and 636 each
protruding in the radially outward direction will be formed on
the peripheral wall 621 of the crash box 62 and the peripheral
wall 631 of the stay member 63 by a tube expansion process
which will be described later. In this way, the protruded
portion 626 of the crash box 62 will be press fitted inside of
the protruded portion 636 of the stay member 63, so that the
stay member 63 is fixedly secured to the crash box 62.

In the first practical example, the protruded portions 626
and 636 are provided along the approximately entire circum-
ference of the crash box 62 and the stay member 63 (cup-like
portion 630) in the circumferential direction, with the excep-
tion of the positions corresponding to the ribs 622. In other
words, six protruded portions 626 and 636 extending in the
circumferential direction are formed on the base end side
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outer peripheral surface of the crash box 62 and the peripheral
wall 631 of the stay member 63 at equal intervals in the
circumferential direction.

In a state in which the stay member 63 is assembled to the
base end portion of the crash box 62 in this way, the flange 633
of the stay member 63 is arranged so as to protrude in the
radially outward direction at a predetermined position of the
base end portion of the crash box 62.

The nut 65 provided on the bottom wall 632 of the stay
member 63 is arranged corresponding to a portion between
any two adjacent ribs 622 and 622 in the crash box 62. There-
fore, the attaching portion of the nut 65 and vicinity thereof
are communicated with the tip portion side opening of the
crash box 62 via the portion between any two ribs 622 and 622
of the crash box 62.

The bumper stay 64 provided on the crash box 62 arranged
on the left side of FIG. 17A is formed by an aluminum or its
alloy plate-like shaped product.

As shown in FIG. 17F, an attaching hole 646 is formed at
the center of the bumper stay 64. The inner peripheral shape
of the attaching hole 646 is formed into an approximately
regular hexagonal shape corresponding to the outer periph-
eral shape of the base end portion of the crash box 62 on the
other side (left side of FIG. 17A), so that the base end portion
of'the crash box 62 can be loosely inserted into this attaching
hole 646.

In a state in which the base end portion of the crash box 62
on the other side is inserted into the attaching hole 646 of the
bumper stay 64, radially outwardly protruded portions 626
and 626 are formed ahead and behind the attaching hole 646
on the peripheral wall 621 of the crash box 62 by a tube
expansion process which will be described later. In this way,
the protruded portions 626 and 626 are pressure engaged with
the peripheral edge portion of the attaching hole 46 of the
bumper stay 64, thereby fastening the bumper stay 64 to the
crash box 62 on the other side.

In the first practical example, the protruded portions 626 of
the crash box 62 on the other side are formed along the
approximately entire circumference of the crash box 62 in the
circumferential direction, except for the positions corre-
sponding to the ribs 622. In other words, a total of six pro-
truded portions 626 extending in the circumferential direction
are formed at the positions ahead and behind the attaching
hole 646 on the outer peripheral surface of the crash box 62 at
equal intervals in the circumferential direction.

In the first practical example, the operation to connect and
fix the bumper reinforcement 61 to the crash boxes 62 and 62,
the operation to connect and fix the stay member 63 to the
crash box 62 on one side, and the operation to connect and fix
the bumper stay 64 to the crash box 62 on the other side, are
performed by a tube expansion process (expand process)
using a tube expansion die (expand die).

Further, in the first practical example, the operation (tube
expansion process) to connect and fix one side portion (right
side of FIG. 17A) of the bumper reinforcement 61 to the crash
box 62 on one side and the operation (tube expansion process)
to connect and fix the stay member 63 to the crash box 62 on
the one side are performed simultaneously. In the first prac-
tical example, this tube expansion process is called a tube
expansion process on one side.

Also, in the first practical example, the operation (tube
expansion process) to connect and fix the other side portion
(left side of FIG. 17A) of the bumper reinforcement 61 to the
crash box 62 on the other side and the operation (tube expan-
sion process) to connect and fix the bumper stay 64 to the
crash box 62 on the other side are performed simultaneously.
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In the first practical example, this tube expansion process is
called a tube expansion process on the other side.

FIG. 17G is a plan view showing the bumper beam of the
first practical example in a state in which a tube expansion die
is inserted. FIG. 17H is a front view thereof. FIG. 171 is a
cross-sectional view take along the A-A line of FIG. 17H.
FIG. 17] is a cross-sectional view take along the line B-B of
FIG. 17H. Furthermore, for easier understanding of the
present invention, the front view of FIG. 17H is shown in a
vertically inverted state.

As shown in these figures, the tube expansion die 67 for
performing a tube expansion process on one side is provided
with a plurality (six) of split dies 671 each to be inserted
between the ribs 622 of the crash box 62. The cross-sectional
shape of each split die 671 are formed into an approximately
fan shape corresponding to the inner peripheral shape
between the ribs 622. Further, each split die 671 is formed to
have the same cross-sectional shape with each other.

On the outer peripheral surface of each split die 671, cor-
responding to the positions where the protruded portions 625
and 625 of the crash box 62 at the bumper reinforcement 61
side are formed, tip portion side forming convex portions 675
and 675 are formed. Further, on the outer peripheral surface of
each split die 671, corresponding to the positions where the
protruded portions 626 and 636 of the crash box 62 and the
stay member 63 are formed, base end side forming convex
portion 676 is formed.

Further, each split die 671 is provided with a wedge inser-
tion portion 673 along the axial center thereof. The wedge
insertion portion 673 of each split die 671 is formed such that
each wedge insertion portion 673 is formed into an approxi-
mately Y& six-sided pyramid shape so that the wedge insertion
portions 673 are formed into an approximately regular six-
sided pyramid shape in a gathered state.

Further, the mandrel 68 for driving the tube expansion die
67 to expand the diameter includes a wedge 683 correspond-
ing to the wedge insertion portion 673 of each split die 671.
Each wedge 683 is formed so that the tip portion side (inser-
tion direction side) thereof is formed into a tapered shape
corresponding to the inner peripheral shape of each wedge
insertion portion 673. That is, the wedge 683 is formed such
that each wedge 683 is formed into an approximately s
regular six-sided pyramid shape so that the wedges form an
approximately regular six-sided pyramid shape in a gathered
state. The taper angle of the outer peripheral surface of each
wedge 683 is set to be equal to the taper angle of the inner
peripheral surface of each wedge insertion portion 673.

Further, among the plurality (six) of wedges 683, the
wedge 683 corresponding to the position of the nut 65 in the
stay member 63, in other words, the wedge 683 correspond-
ing to the region of the bottom wall 632 of the stay member 63
where the wedge insertion hole 635 is not formed, is cut to
remove the tip portion (insertion side end portion), resulting
in a length shorter than the other wedge 683. This is, as will be
detailed later, to prevent the wedge 683 of the tube expansion
die 67 from interfering with the bottom wall 632 of the stay
member 63.

In performing a tube expansion process on one side using
the tube expansion die 67 having the aforementioned struc-
ture, the tip portion of the crash box 62 on one side is inserted
into the one side attaching hole 615 of the bumper reinforce-
ment 61, and the cup-like portion 630 of the stay member 63
is outwardly fitted on the base end portion of the crash box 62
onone side. At the time of the outward fitting, by bringing the
inner surface of the bottom wall 632 of the stay member 63
into contact with the base end face of the crash box 62 on one
side, the positioning of the stay member 63 with respect to the
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crash box 62 can be performed. Therefore, by merely out-
wardly fitting the stay member 63 on the crash box 62, the
flange 633 can be accurately positioned at a desired position
of the crash box 62.

Then, in this state, as shown in FIGS. 7G to 7], each split
die 671 of the tube expansion die 67 is inserted in between the
ribs 622 in the crash box 62 from the tip portion side (front end
side) opening. In this case, the shaping convex portions 675
and 676 of each split die 671 are arranged at scheduled
regions (protruded portion forming scheduled regions) where
protruded portions 625, 626, and 636 of the crash box 62 and
the stay member 63 are to be formed.

In this state, the mandrel 68 is pressed in the axial direction
to thereby forcibly press each wedge 683 into each wedge
insertion portion 673 of each split die 671. With this, each
split die 671 is moved in the radially outward direction to
subject the protruded portion forming scheduled regions of
the crash box 62 and the stay member 63 to a tube expansion
process (expand process).

In this tube expansion process, the protruded portion form-
ing scheduled regions of the crash box 62 and the stay mem-
ber 63 are partially expanded in the radially outward direc-
tion, and therefore the aforementioned protruded portions
625, 626 and 636 are formed on the crash box 62 and the stay
member 63. Thus, the connecting operation of the crash box
62 on one side and the one side portion of the bumper rein-
forcement 61 and the connecting operation of the crash box
62 on one side and the stay member 63 are performed simul-
taneously.

In the first practical example, when the press-in operation
of'the mandrel 68 is performed, it becomes possible to assur-
edly prevent each wedge 683 from interfering with the bottom
wall 632 of the stay member 63. That is, as explained above,
among the plurality (six) of wedges 683 of the mandrel 68, the
wedge 683 arranged at the position corresponding to the nut
65 of the stay member 63 is cut in the tip portion into a length
shorter than the other wedge 683. Further, in the region where
the nut 65 is not attached to the bottom wall 632 of the stay
member 63, the wedge insertion hole 635 is formed. There-
fore, when the mandrel 68 is pressed in, the wedge 683
corresponding to the nut 65 does not reach the bottom wall
632 to which the nut 65 is attached, which prevents interfer-
ence with the bottom wall 632 of the stay member 63 or the
nut 65. Further, the other wedges 683 are inserted into the
wedge insertion hole 655, which prevents interference with
the bottom wall 632 of the stay member 63.

After forming the protruded portions 625, 626 and 636, the
mandrel 68 is pulled out, and the tube expansion die 67 is
reduced in diameter and then pulled out of the crash box 62.

The tube expansion process for the other side is performed
essentially in the same manner as in the tube expansion pro-
cess for the one side. As the tube expansion die 67 used in the
tube expansion process for the other side, a plurality of split
dies 671 which are all the same in length are used. Further, the
base end side forming protruded portion 676 of each split die
683 is provided corresponding ahead and behind of the
attaching hole 646 of the bumper stay 64 on the other side. In
this tube expansion die 67 for the other side, the other struc-
tures are essentially the same as the aforementioned tube
expansion die 67.

Further, the operation procedures of the tube expansion
process are essentially the same. That is, the tip portion of the
crash box 62 on the other side is inserted into the attaching
hole 615 of the bumper reinforcement 61 on the other side,
and the base end portion of the crash box 62 on the other side
is inserted into the attaching hole 646 of the bumper stay 64 on
the other side. In this state, each split die 671 of the tube
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expansion die 67 is inserted in between the ribs 622 in the
crash box 62, and the mandrel 68 is forcibly inserted. With
this, the protruded portion forming scheduled regions of the
crash box 62 are locally expanded to thereby form the pro-
truded portions 625 and 626 protruded in the radially outward
direction. Thus, the connection operation for fixing the crash
box 62 on the other side to the bumper reinforcement 61 and
the connection operation for fixing the crash box 62 on the
other side to the bumper stay 64 are performed simulta-
neously.

In the present invention, by forcibly inserting mandrels 68
and 68 simultaneously with the tube expansion dies 67 and 67
arranged in the crash boxes 62 and 62 on one side and the
other side, the tube expansion processes for one side and the
tube expansion process for the other side can be performed
simultaneously. In this case, the productivity can be further
improved.

As mentioned above, the bumper reinforcement 61, the
stay member 63, and the bumper stay 64 are fixedly connected
to the crash box 62, resulting in an assembled bumper beam.

In this bumper beam, the crash box 62 on one side is
attached to a vehicle body via the flange 633 (bumper stay) of
the stay member 63, and the crash box 62 on the other side is
attached to the vehicle body via the bumper stay 64. That is,
the flange 633 and the bumper stay 64 are fixed to tip portions
of non-illustrated both side frames (both side members) as
vehicle structural members by bolting, welding, etc. Thus, the
bumper beam is attached to a vehicle body.

In an automobile in which the bumper beam is mounted,
when an impact is applied to the bumper reinforcement 61 by
collision, the crash box 62 is compressively deformed in the
axial direction (in the vehicle front-back direction) so that the
impact energy is absorbed by the deformation.

On the other hand, as shown in FIGS. 17D and 17E, the
towing hook 66 includes a shaft portion 661, a hook body 662
provided at the tip portion of the shaft portion 661, and a male
thread 663 formed on the base end portion (insertion side end
portion) of the shaft portion 661.

In the case of attaching the towing hook 66 to an automo-
bile in which the bumper beam is mounted, via the tip portion
side opening of the crash box 62 on one side, the shaft portion
661 of the towing hook 66 is inserted in between the afore-
mentioned predetermined ribs 622 and 622 of the crash box
62 with the male thread 663 as an insertion side. When the
male thread 663 of the towing hook 66 has reached the nut 65,
the towing hook 66 is rotated to screw the male thread 663
into the screw hole 651 of the nut 65 to thereby fix them. With
this, the towing hook 66 is attached to a vehicle body in a state
in which the hook body 662 is arranged forward than the tip
portion (front end) of the crash box 62.

Further, when detaching the towing hook 66, the detach-
ment can be made by performing an operation opposite to the
above. That is, the towing hook 66 is rotated to loosen the
screw, and after detaching the male thread 663 from the nut
65, the towing hook 66 is pulled out of the tip portion side
opening of the crash box 62.

In the aforementioned first practical example, as the stay
member 63, a member in which the nut 65 is arranged on the
outer surface (rear surface) of the bottom wall 632 is used, but
not limited to it. In the present invention, as shown in FIG.
17K, it can be configured to arrange a nut 65 on the inner
surface (front surface) of the bottom wall 632 of the stay
member 63.

In this case, in order to secure the stay member 63 to the
crash box 62, it is preferable to use a tube expansion die 67 as
shown in FIG. 17L.
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That is, the nut 65 arranged on an inner surface of the
bottom wall 632 of the stay member 63 is arranged at the tip
portion side than the base end position in the crash box 62.
Therefore, there is a risk that the split die 671 of the tube
expansion die 67 interferes with the nut 65 to prevent the
insertion of the split die 671. For this reason, in the modified
embodiment shown in FIG. 171, as a split die 671 corre-
sponding to the nut 65, among a plurality of split dies 671 of
the tube expansion die 67, a short split die in which the tip
portion (insertion side end portion) was removed is used.

Further, in the aforementioned first practical example, a
push type tube expansion die for forcibly pressing a die into a
mandrel is used as a tube expansion die, but not limited to it,
and the present invention allows to use any tube expansion
dies as long as it is possible to perform a tube expansion
process. For example, it is possible to employ a pull type tube
expansion die in which a mandrel is pulled in from a die.

FIG. 17M is a side cross-sectional view showing a crash
box and vicinity thereof on one side in a vehicle bumper beam
according to a second practical example in a towing hook
attached state. FIG. 17N is an enlarged cross-sectional view
showing the portion surrounded by the dashed-dotted line in
FIG. 17M.

As shown in these figures, in the stay member 63 used in
the vehicle bumper beam of this second practical example, the
inner diameter size of the peripheral wall 631 of the cup-like
portion 630 is formed to be larger than that of the peripheral
wall 631 of the aforementioned first practical example, so that
the base end side of the crash box 62 can be accommodated in
the cup-like portion 630 with room. At the opening edge
portion of the stay member 63, an inwardly extended flange-
shaped retaining protrusion 634 is formed along the circum-
ferential entire region so as to extend in the radially inward
direction.

In a state in which the base end portion of the crash box 62
is accommodated in the cup-like portion 630 of the stay
member 63, a radially outwardly protruded portion 626 is
formed at the position of the peripheral wall 621 of the crash
box 62 corresponding to the cup-like portion 630 by a tube
expansion process using a tube expansion die 67. In this
structure, the retaining protrusion 634 is engaged with the
protruded portion 626 to regulate the movement of the stay
member 63 rearward with respect to the crash box 62 to be
retained. Needless to say, the bottom wall 632 of the stay
member 63 is in contact with and engaged with the base end
face of the crash box 62, so that the stay member 63 is
regulated so as not to move forward with respect to the crash
box 62. Thus, the stay member 63 is fixedly connected to the
crash box 62 in a state in which the movement of the stay
member 63 is regulated in the front-back direction.

In this tube expansion process, no protruded portion will be
formed on the peripheral wall 631 of the stay member 63.

In this bumper beam of the second practical example, since
the other structures are essentially the same as those of the
bumper beam of the aforementioned first practical example,
the cumulative explanation will be omitted by allotting the
same reference symbol to the same or corresponding portion.

FIG. 170 is aside cross-sectional view showing a crash box
on one side and vicinity thereof of a vehicle bumper beam
according to a third practical example in a towing hook
attached state.

As shown in this figure, in this third practical example, the
stay member 63 is connected to the crash box 62 using adhe-
sive agent 637. That is, in this third practical example, without
forming a protruded portion on the crash box 62 and the stay
member 63 by a tube expansion process, the peripheral wall
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outer surface of the crash box 62 and the peripheral wall inner
surface of the stay member 63 are adhered via the adhesive
agent 637.

As the adhesive agent 637, any commonly-used adhesive
agent can be used as long as it is possible to adhere such that
the stay member 63 cannot be pulled out of the crash box 62.
That is, the force of the stay member 63 acting on the bottom
wall 632 in the axial direction (in the vehicle front-back
direction) does not directly act on between the peripheral
walls of the crash box 62 and the stay member 63, but acts on
the vehicle structural member, etc., via the flange 633 of the
stay member 63. For this reason, the joint strength between
the peripheral walls of the crash box 62 and the stay member
63 can be small. Therefore, the peripheral walls of both the
crash box 62 and the stay member 63 can be secured using a
common well-known adhesive agent 637.

In this third practical example, since the other structures
are essentially the same as those in the aforementioned first
and second practical examples, the cumulative explanation
will be omitted by allotting the same reference symbol to the
same or corresponding portion.

FIG. 17P is a side cross-sectional view showing a crash box
and vicinity thereof of a vehicle bumper beam of a fourth
practical example in a towing hook attached state.

As shown in this figure, in this fourth practical example, the
corresponding portions of both the peripheral walls 621 and
631 of the crash box 62 and stay member 63 are partially
deformed inwardly by performing a tube reduction process
using a well-known tube reduction die to thereby form pro-
truded portions 628 and 638 protruded in the radially inward
direction on corresponding portions of both the peripheral
walls 621 and 631. Thus, the protruded portion 638 of the stay
member 63 is press fixed to the inner side of the protruded
portion 628 of the crash box 62 so that the stay member 63 is
connected to the crash box 62.

In this fourth practical example, the inwardly protruded
portions 628 and 638 are formed on the crash box 62 and the
stay member 63 along the approximately entire periphery in
the circumferential direction, except of the positions corre-
sponding to the ribs 622. In other words, six inwardly pro-
truded portions 628 and 638 extending in the circumferential
direction are formed on the base end side outer peripheral
surface of the crash box 62 and the peripheral wall 631 of the
stay member 63 at equal intervals in the circumferential direc-
tion.

In this fourth practical example, since the other structures
are essentially the same as those in the aforementioned first to
third practical examples, etc., the cumulative explanation will
be omitted by allotting the same reference symbol to the same
or corresponding portion.

FIG. 18A is a side cross-sectional view showing a crash
box and vicinity thereof of a vehicle bumper beam according
to a fifth practical example in a towing hook attached state,
and FIG. 18B is an exploded perspective view thereof.

As shown in both figures, the hook attaching member 75
for attaching the towing hook 66 is formed by aluminum, its
alloy, steel, etc. Further, the hook attaching member 75 is
constituted by a shaped member formed by, e.g., press form-
ing, die-casting, forging, etc.

This hook attaching member 75 is formed into a cup-like
shape and includes a cylindrical peripheral wall 751 and a
bottom wall 752 integrally formed so as to close the base end
side (rear end side) opening of the peripheral wall 751.

The peripheral wall 751 of the hook attaching member 75
is formed into an approximately regular hexagonal shape
corresponding to the outer peripheral shape of the base end
portion of the crash box 62. The peripheral wall 751 is con-
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figured such that the base end portion of the crash box 62 can
be loosely inserted into the inside of the peripheral wall 751
from its tip portion side (front end side) opening. In other
words, it is configured such that the peripheral wall 751 of the
hook attaching member 75 can be outwardly fitted on the base
end portion of the crash box 62.

On the outer surface (rear surface) of the bottom wall 752
of'the hook attaching member 75, a towing hook attaching nut
753 is provided with the axial direction aligned with the axial
direction of the hook attaching member 75. The tip portion
side opening (front end opening) of the screw hole 754 of the
nut 753 is open to the inner surface of the bottom wall 752 of
the hook attaching member 75, or the inner side of the periph-
eral wall 751 ofthe hook attaching member 75. Therefore, the
male thread 663 of the towing hook 66 inserted from the tip
portion side (front end side) opening of the hook attaching
member 75 can be screwed into the screw hole 754 of the nut
753.

In this embodiment, a female thread is constituted by the
screw hole 754 of the nut 753.

At the center portion of the bottom wall 752, a wedge
insertion hole 755 is formed except for the attachment region
of the nut 753. This wedge insertion hole 755 is formed to
prevent a wedge as a tube expansion die from interfering with
the bottom wall 752 of the hook attaching member 75 at the
time of tube expansion process.

The hook attaching member 75 having the aforementioned
structure is outwardly fitted on the base end portion of the
crash box 62 on one side. That is, the base end portion of the
crash box 62 on one side is inserted into the inside of the
peripheral wall 751 of the hook attaching member 75 from the
tip portion side opening, so that the bottom wall 752 of the
hook attaching member 75 is arranged so as to close the base
end side opening of the crash box 62.

Further, in a state in which the hook attaching member 75
is outwardly fitted on the base end portion of the crash box 62,
the nut 753 of the hook attaching member 75 is arranged
between any two adjacent ribs 622 and 622 in the crash box
62. Therefore, the nut 753 communicates with the tip portion
side opening of the crash box 62 via between the aforemen-
tioned any two ribs 622 and 622 of the crash box 62.

The bumper stay 73 is formed by a plate-like shaped prod-
uct of aluminum or its alloy.

At the center of the bumper stay 73, an attaching hole 736
is formed. The inner peripheral shape of the attaching hole
736 of the bumper stay 73 is formed corresponding to the
outer peripheral shape of the peripheral wall 751 of the hook
attaching member 75, so that the peripheral wall 751 of the
hook attaching member 75 can be loosely inserted into the
attaching hole 736.

As explained above, the peripheral wall 751 of the hook
attaching member 75 outwardly fitted on the base end portion
of the crash box 62 on one side is inserted into the attaching
hole 736 of the bumper stay 73 on one side. With this state, by
the same tube expansion process as mentioned above, pro-
truded portions 626, 626, 756 and 756 protruded in the radi-
ally outward direction are formed on the peripheral wall 621
of the crash box 62 and the peripheral wall 751 of the hook
attaching member 75 at the front and rear of the attaching hole
736. With this, the protruded portions 626 and 626 of the
crash box 62 are forcibly inserted into the inside of the pro-
truded portions 756 and 756 of the hook attaching member
75, so that the hook attaching member 75 is fixed to the crash
box 62. Further, the protruded portions 756 and 756 of the
hook attaching member 75 come into pressure contact with
and are engaged with the peripheral edge portions of the
attaching hole 736 of the bumper stay 73 so that the bumper
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stay 73 is fixed to the hook attaching member 75. Thus, the
hook attaching member 75 and the bumper stay 73 are
secured to the crash box 62.

In the fifth practical example, since the other structures are
essentially the same as those of the aforementioned first to
fourth practical examples, the duplicate explanation will be
omitted by allotting the same or corresponding reference
symbol to the same or corresponding portion.

In the bumper beams of the aforementioned first to fifth
practical examples explained above, the crash box 62 is fixed
to the bumper reinforcement 61 or the bumper stay 73 by
forming the outwardly protruded portion 625 or 626 which is
a tube expanded portion or the inwardly protruded portion
628 which is a tube reduced portion in the crash box 62. For
this reason, when the crash box 62 is plastically deformed to
absorb collision energy, the expanded tube portion or the
reduced tube portion becomes a starting point at the time of
plastic deformation, which causes the crash box 62 to be
smoothly deformed into an accordion manner. Therefore, the
initial load will not increase excessively and the difference
between the initial load value and the average load value can
be reduced.

Further, in the bumper beams of the aforementioned first to
fifth practical examples, there is no need to provide an exclu-
sive step for forming a weak portion which becomes a starting
point of plastic deformation of the crash box 62, and therefore
the number of steps can be reduced, and the cost can be
reduced.

Furthermore, in this bumper beam, the die expanded joint
portion connecting the crash box 62 to the bumper reinforce-
ment 61 functions as a weak portion which becomes a starting
point at the time of plastic deformation. This further
decreases the difference between the initial load and the aver-
age load at the time of plastic deformation of the crash box 62.

Further, in the bumper beams of the aforementioned first to
fifth practical examples, there is no adverse influence by heat
caused when the crash box 62 is secured to the bumper rein-
forcement 61 by welding. Furthermore, in the bumper beam
of the aforementioned first to fifth practical examples, no
dead stroke will be generated when the crash box 62 is
secured to the bumper reinforcement 61 with a bolt and a nut.

Further, in the production methods of the bumper beams of
the aforementioned first to fifth practical examples, since the
tube expanded portion, etc., is formed using a tube expansion
die as mentioned above, it is possible to manufacture a
bumper beam small in the difference between the initial load
and the average load at the time of plastic deformation at low
cost. For example, in the diameter expansion method of an
aluminum alloy extruded member by electromagnetic form-
ing, an electromagnetic forming coil is inserted into the inside
of the aluminum alloy extruded member, and an instanta-
neous large-current is applied through the electromagnetic
forming coil to thereby perform the diameter expansion. In
cases where ribs 622 are formed in an outer peripheral wall
portion like in the crash box of the present invention, it is
difficult to use the diameter expansion method by this elec-
tromagnetic forming.

On the other hand, the production methods of the bumper
beams according to the aforementioned first to fifth practical
examples can be assuredly applied to a crash box of the
present invention in which ribs are provided within an outer
peripheral wall portion of a crash box. This enables an assured
production of a bumper beam which can exert the aforemen-
tioned effects.

However, in the present application, the method of con-
necting the crash box which is a shock absorbing member and
a bumper reinforcement and a bumper stay is not specifically
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limited. For example, the crash box, the bumper reinforce-
ment and the bumper stay can be connected by welding or via
adhesive agent, or by fastening a bolt and a nut.

The shock absorbing member of the present invention can
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For sample models of Examples 1 to 9 and Comparative
Examples 1to 6, FEM analyses of deformed states (deforma-
tion configurations) when compressively deformed in the
axial direction were performed using finite element analysis

also be applie?d toa cre.lsh box of a front under lump protector s software (LS-DYNA). The material of each sample model
for a large-sized vehicle, or a crash box for protecting a was an aluminum alloy extruded member approximately
pedestrian or a passenger. . regular hexagon in the basic cross-section and having an outer
Ip the aforemzntll)oned em}).od.lmenti allt(hoglghbt.he expla- diameter (outer size) of 90 mm and a length of 200 mm. The
Eatlcljlns were ma i Y exgrllllp lflymgl? shock @ SO{ lmg merln- material yield strength was set to 180 MPa.
er having an outer peripheral wall approximalely regular 10 Further, the length of the half-side portion L of each sample
hexagonal in cross-section, the present invention is not lim- . . . R
. . . . model in a cross-section perpendicular to the axial direction,
ited to that. The present invention can also be applied to any th - dius R of the out ioheral surf th
shock absorbing members as long as its cross-sectional shape ¢ curvature ra 1u3s R/OL he Opbeipi;p era SE aceon ﬁ
is polygonal. However, considering the stability, etc., of Vlf'nlii are gom?lnb/, s therb t 1110 css ta, ‘:)le outer wa
behavior at the time of buckling deformation, it is preferable 15 thic S8 tb, and tb/ta were set as shown in Te} el
to employ a shock absorbing member having an outer periph- The dlstance.: MO from the center PO to the virtual Vert.ex G
eral wall of a regular pentagon to a regular octagon, especially the .short.est distance M frgm the vertex P3 to the .Vlmlal
a shock absorbing member having an outer peripheral wall of straight line P2-P2 conne.ctlng the rib connection points P2
a regular hexagon like in the aforementioned embodiments. and P2 arranged at both sides of the vertex P3, M/M0, M/L,
d Mxtb were set as shown in Table 2.
EXAMPLES 20 an . ;
The length L of the half-side portion was 25.98 mm, and
Hereinafter, Examples related to the present invention and the distance M0 was 12.99 mm.
Comparative Examples deviated from the gist of the present Under the set conditions, a method was employed, in which
invention will be explained. rigid walls were set at longitudinal both ends of the extruded
TABLE 1
Cross-sectional size/mm Analysis results
Outer (amount of
periph- displacement:
eral 15-100 mm section)
Half- Rib wall Maxi-
side thick-  thick- mum  Average Deformed
Outer portion ness ness load load state
size Length (L) R R/L (ta) (tb) tbita  (kN) (kN)  Ave/Max A
Example 1 9 25.98 1 004 2 15 075 1186 1061  0.895 A
290 25.98 3 012 2 15 075 1176 107 091 A
390 25.98 5 019 2 15 075 1166 105 0.905 A
4 90 25.98 10 038 2 15 075 117 1042 0.891 A
5 90 25.98 15 058 2 15 075 1182 103 0.871 A
6 90 25.98 20 077 2 15 075 1204 1026  0.852 A
7 90 25.98 20 077 2 07 035 749 655 0874 A
8 90 25.98 20 077 2 1 0.5 89.5 783 0875 A
9 90 25.98 20 077 2 125 0.625 102 89.9  0.881 A
Comparative 1 90 25.98 00 2 15 075 1224 1039  0.849 B
Example 290 25.98 30 115 2 15 075 1181 986  0.835 B
390 25.98 20 077 2 03 015 582 492 0845 B
4 90 25.98 20 077 2 05 025 665 57 0.857 B
5 90 25.98 20 077 2 175 0875 1401 116 0.828 B
6 90 25.98 20 077 2 2 1 163.7 1283  0.784 B
TABLE 2 30" member of each sample model and one of the rigid wall was
forcibly moved in a direction of compressing in the axial
M(mm) M/MO M/L M x tb direction, and the deformed state at that time was measured
Example 1 12.84 0.99 0.49 19.25 by the aforementioned FEM analysis. .
5 12.53 0.6 0.48 18.79 A load-displacement diagram obtained from the analysis
3 12.22 0.94 0.47 18.33 55 results is shown in FIGS. 5A to 51 (Examples 1 to 9) and
4 11.44 0.88 0.44 17.16 FIGS. 6A to 6F (Comparative Examples 1 to 6). Further, from
5 10.67 0.82 0.41 16.01 the load-displacement diagram of each Example and Com-
g g'g 8';2 8?2 12'3‘3‘ parative Example, the maximum load and the average load in
3 09 076 0.38 0.0 the section in which the amount of displacement (stroke) was
9 9.9 0.76 0.38 12.37 60 15 mm to 150 mm were read out, and the ratio of the average
Comparative 1 12.99 1.00 0.50 19.49 load to the maximum load (average load/maximum load) was
Example 2 8.35 0.64 0.32 12.52 calculated. These results are also shown Table 1.
i g'g 8';2 g'gg i'g; From the above analysis results, the deformed states of
5 99 076 0.38 1732 sample models of each Example and Comparative Example
6 9.9 0.76 0.38 19.79 65 1in the cross-sectional view when the amount of deformation

was 100 mm at the time of buckling deformation were
obtained, and classified into two states “A” and “B.”
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The state “A” is, as shown by the dotted lines in FIG. 3A, a
buckling deformed state in which the adjacent half-side por-
tions 2a and 24 sandwiching the vertex P3 were deformed
concavely and convexly in different directions in the radial
direction, with the positions corresponding to the rib connec-
tion points P2 and P3 of the outer peripheral wall 1 as a node
respectively and the intermediate point of each half-side por-
tion 2a and 25 as an anti-node, and in which the concavely
deformed portion and the convexly deformed portion were
arranged in the circumferential direction alternately. In this
state “A,” each half-side portion 2a and 24 individually func-
tions as a buckling deformation portion.

The state “B”, as shown by the dotted lines of FIG. 3B, is a
buckling deformed state in which two adjacent half-side por-
tions 2a and 24 sandwiching the vertex P3 were deformed
convexly or concavely in the same direction in the radial
direction, with portions corresponding to the rib connection
points P2 as anode and two adjacent half-side portions 2a and
2b sandwiching the vertex P3 as an anti-node. In this state
“B,” the two adjacent half-side portions 2a and 25 sandwich-
ing the vertex P3 functions as one of bending deformation
portions.

Table 1 also shows the results of the deformed state at the
time of the buckling deformation.

FIG. 7A shows a cross-sectional view in which a deformed
state at the time of an amount of displacement of 100 mm in
a sample model of Example 3 is shown by dotted lines, and
FIG. 7B shows a perspective view of its deformed state.

Similarly, FIGS. 8A and 8B show a cross-sectional view
and a perspective view of a sample model of Example 6.
FIGS. 9A and 9B show a cross-sectional view and a perspec-
tive view of a sample model of Example 7. FIGS. 10A and
10B show a cross-sectional view and a perspective view of a
sample model of Example 9. To facilitate understanding of
the present invention, FIG. 3A and FI1G. 8A are depicted using
the same figure.

FIGS. 11A and 11B show a cross-sectional view and a
perspective view of a sample model of Comparative Example
1, respectively. FIGS. 12A and 12B show a cross-sectional
view and a perspective view of a sample model of Compara-
tive Example 2. FIGS. 13A and 13B show a cross-sectional
view and a perspective view of a sample model of Compara-
tive Example 4. FIGS. 14A and 14B show a cross-sectional
view and a perspective view of a sample model of Compara-
tive Example 6. To facilitate understanding of the present
invention, FIG. 3B and FIG. 11 A are depicted using the same
figure.

<Evaluation>

As apparent from Table 1, etc., in the sample model of each
Example, the deformed state at the time of buckling defor-
mation was all in the state of “A.” Further, in the sample model
of each Example, the ratio of the average load to the maxi-
mum load was large and the average load was relatively large,
which is considered to be excellent in impact absorbing char-
acteristics.

Further, as apparent from Table 2, all of the sample models
of Examples met the relation of M/M0=0.75-0.99, the rela-
tion of 0.35=M/L.<0.5, and the relation of 5.0<Mxtb.

On the other hand, in the sample models of Comparative
Examples, the deformed state at the time of buckling distor-
tion was all in the state of “B.” Further, in the sample models
of Comparative Examples 1-3, 5, and 6, the ratio of the
average load to the maximum load was smaller than that of
Examples, which was considered to be poor in impact absorb-
ing characteristics. In Comparative Example 4, the average
load/maximum load was relatively large, but the average load
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was small. Therefore, it is difficult to sufficiently absorb
impact energy, which is considered to be poor in impact
absorbing characteristics.

In the sample model of Comparative Example 1,
M/M0=1.00, which failed to meet the relation of
M/M0=0.75-0.99. Further, in the sample model of Compara-
tive Example 2, M/L. was 0.32, which failed to meet the
relation of 0.35 <M/[.<0.5. Further, in the sample model of
Comparative Examples 3 and 4, Mxtb was 2.97, and 4.95,
respectively, which failed to meet the relation of 5.0<Mxtb.

FIG. 15 is a graph showing the relation of the ratio (R/L) of
the curvature radius R of the vertex arc portion 3 to the
half-side portion length IL and the ratio of the average load to
the maximum load (average load/maximum load) created
based on the analysis results of Examples and Comparative
Examples. As apparent from this graph, when the R/L
exceeds 0 but less than 1.15, especially 0.77 or less (Example
6), the average load/maximum load is 0.85 or more, which is
excellent in impact absorbing characteristics. Especially,
when the R/L is 0.05 or more, but not larger than 0.25, the
average load/maximum load is especially large, which is
especially excellent in impact absorbing characteristics.

FIG. 16 is a graph showing the relation of the ratio of the
outer peripheral wall thickness tb to the rib thickness to and
the average load/maximum load in Examples and Compara-
tive Examples. As apparent from this graph, when the th/ta
exceeds 0.25 (corresponding to Comparative Example 4) but
less than 0.875 (corresponding to Comparative Example 5),
the average load/maximum load is large and the impact
absorbing characteristics is excellent.

This application claims priority to Japanese Patent Appli-
cation No. 2011-178432 filed on Aug. 17, 2011, the entire
disclosure of which is incorporated herein by reference in its
entirety.

The terms and expressions which have been employed
herein are used as terms of description and not of limitation,
and there is no intent, in the use of such terms and expressions,
of'excluding any of the equivalents of the features shown and
described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention
claimed.

While the present invention may be embodied in many
different forms, a number of illustrative embodiments are
described herein with the understanding that the present dis-
closure is to be considered as providing examples of the
principles of the invention and such examples are not
intended to limit the invention to preferred embodiments
described herein and/or illustrated herein.

While illustrative embodiments of the invention have been
described herein, the present invention is not limited to the
various preferred embodiments described herein, but
includes any and all embodiments having equivalent ele-
ments, modifications, omissions, combinations (e.g., of
aspects across various embodiments), adaptations and/or
alterations as would be appreciated by those in the art based
on the present disclosure. The limitations in the claims are to
be interpreted broadly based on the language employed in the
claims and not limited to examples described in the present
specification or during the prosecution of the application,
which examples are to be construed as non-exclusive.

INDUSTRIAL APPLICABILITY

The shock absorbing member according to the present
invention is applicable to a crash box for a vehicle bumper
beam, etc.
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BRIEF EXPLANATION OF REFERENCE
NUMERALS

1 outer peripheral wall

2 side portion 2a, 2b half-side portion
3 vertex arc portion

5, 622 rib

10, 61 bumper reinforcement

30, 62 crash box

ta rib thickness

th outer peripheral wall thickness

C virtual vertex

L half-side portion length

P2 rib connection point

P3 vertex

R curvature radius of vertex arc portion

The invention claimed is:

1. A shock absorbing member configured to absorb impact
energy by being compressively deformed in an axial direc-
tion, comprising:

an outer peripheral wall having a polygonal shape in cross-

section perpendicular to the axial direction and includ-
ing a plurality of side portions; and

a plurality of ribs, on an inner side of the outer peripheral

wall, radially extending from a central axis and con-
nected to an intermediate position of each of the side
portions,

wherein a boundary position of adjacent side portions on

an outer peripheral surface of the outer peripheral wall is
defined as a vertex, an intermediate position of each side
portion on the outer peripheral surface of the outer
peripheral wall is defined as a rib connection point, and
portions segmenting each of the side portion into two,
with the rib connection point as a boundary, are each
defined as a half-side portion,

wherein, when being compressively deformed in the axial

direction, the two adjacent half-side portions sandwich-
ing the vertex buckling-deform repeatedly in the axial
direction while being deformed convexly and concavely
in different directions in a radial direction, with posi-
tions of the outer peripheral wall corresponding to the rib
connection point and the vertex respectively as a node
and an intermediate portion of each half-side portion as
an anti-node,

wherein the vertex of the outer peripheral wall and vicinity

thereof are constituted as an arc-shaped vertex arc por-
tion having a curvature radius, and

wherein it is adjusted so as to satisfy a relation of O<R/

L=1.15, where an intersection point of virtual extended
lines of both outer peripheral surface linear portions of
the two adjacent half-side portions sandwiching the ver-
tex is defined as a virtual vertex, a length from the virtual
vertex to the rib connection point close to the virtual
vertex is defined as a half-side portion length, the side
portion length is “L.,” and a curvature radius of the outer
peripheral surface of the vertex arc portion is “R”.

2. The shock absorbing member as recited in claim 1,
wherein, when being buckling-deformed, in a cross-section
perpendicular to the axial direction, a half-side portion
deformed convexly in a radially outward direction and a
half-side portion deformed concavely in a radially inward
direction are arranged alternately along a circumferential
direction.

3. The shock absorbing member as recited in claim 1,
wherein itis adjusted so as to satisfy a relation of M/M0=0.75
t0 0.99,
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where a distance from the virtual vertex to a center of the
shock absorbing material is “M0,” and a shortest dis-
tance from the vertex to a virtual straight line connecting
two rib connection points located on both sides of the
vertex is “M”.

4. The shock absorbing member as recited in claim 1,
wherein it is adjusted so as to satisfy a relation of 0.35=M/
[.<0.5,

where a shortest distance from the vertex to a virtual

straight line connecting two rib connection points
located on both sides of the vertex is “M”.

5. The shock absorbing member configured to absorb
impact energy by being compressively deformed in axial
direction, comprising:

an outer peripheral wall having a polygonal shape in cross-

section perpendicular to the axial direction and includ-
ing a plurality of side porions; and

a plurality of ribs, on an inner side of the outer peripheral

wall, radially extending from a central axis and con-
nected to an intermediate postion of each of the side
portion,

wherein a boundary postion of adjacent side portions on an

outer peripheral surface of the outer peripheral wall is
defined as a vertex, an intermediate postion of each side
portion on the outer peripheral surface of the outer
peripheral wall is defined as a rib connection point, and
portions segmenting each of the side porion into two,
with the rib connectionpoint as a boundary, are each
defined as half-side portion,

wherein, when being compressively deformed in the axil

direction, the two adjacent half-side portions sandwich-
ing the vertex buckling-deform repeatedly in the axial
direction while being deformed convexly and concavely
in different directions in a radial direction, with postions
of the outer peripheral wall corresponding to the rib
connection point and vertex respectively as node and an
intermediate portion of eash half-side porion as an anti-
node,

wherein it is adjusted so as to satisfy a relation of 5.0<Mx

th, and

where “M” is a shortest distance from the vertex to a virtual

linear line connecting two rib connection points
arranged on both sides of the vertex, and “tb” is a thick-
ness of the outer peripheral wall.

6. The shock absorbing member as recited in claim 1,
wherein a thickness of the outer peripheral wall is formed to
have a thickness thinner than a thickness of the rib.

7. The shock absorbing member as recited in claim 6,
wherein it is adjusted so as to satisfy a relation of 0.25<tb/
ta<0.875, where “ta” is a thickness of the rib, and “tb” is a
thickness of the outer peripheral wall.

8. The shock absorbing member as recited in claim 1,
wherein the outer peripheral wall is formed into a regular
hexagonal shape in cross-section having six side portions.

9. The shock absorbing member as recited in claim 1,
wherein the shock absorbing member is constituted by an
aluminum or its alloy extruded member or drawn member.

10. A vehicle crash box for supporting a bumper reinforce-
ment to a vehicle structure, wherein the vehicle crash box is
constituted by the shock absorbing member as recited in
claim 1 and configured to absorb impact energy to be applied
to the bumper reinforcement.

11. A bumper beam comprising:

a bumper reinforcement to be arranged in a vehicle width

direction; and

a crash box configured to support the bumper reinforce-

ment to a vehicle structure,
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wherein the crash box is constituted by the shock absorbing
member as recited in claim 1 and configured to absorb
impact energy to be applied to the bumper reinforcement
by the crash box.
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